Purpose: The study sought determine effect of requisition timing on the initial-choice imaging modality in appendicitis evaluation. Methods: This was an institutional review boardeapproved retrospective study, encompassing 3 University of Toronto teaching hospitals, offering 24/7 radiology coverage. All surgically proven appendicitis cases, from 2012-2014, were included and presurgical ultrasound (US) or computed tomography (CT) reports were analysed. Examinations were all requested by the emergency department, performed by the same technologists and reviewed or finalized by the same radiology group (residents fellows or attending). Two coverage categories, namely regular hours (8 AM-5 PM, Monday-Friday) or after hours (5 PM-8 AM, Monday-Friday and weekends) were compared. The percentage of the starting modality (US or CT), the rate of CT following an indeterminate US, and the sensitivity of each modality was compared between the 2 categories, utilising Mann-Whitney U and chi-square tests. Results: Presurgical US or CT studies of 494 patients, from February 2012-August 2014, were evaluated. Regular-hours and after-hours coverage demonstrated 174 (89:85 women:men) and 320 (141:179 women:men; P < .04) patients. The average age, 37.9 AE 17.1 women versus 35.2 AE 13.7 men was not statistically different (P ¼ .8). Regular hours included 89 of 174 (51.1%) of US-only examinations, 50 of 174 (29%) of CT-only examinations, and 35 of 174 (20%) of US examinations followed by CT examinations. After hours included 147 of 320 (46%) of US-only examinations, 147 of 320 (46%) of CT-only examinations, and 26 of 320 (8%) of US examinations followed by CT examinations (P < .001). The total diagnostic sensitivities for US and CT were 86% (81% regular hours, 90% after hours; P ¼ .041) and 99.2% (100% regular hours, 99% after hours; P > .05), respectively. Conclusions: US was less utilised in acute appendicitis detection after hours, although its diagnostic sensitivity was better than regular-hours coverage.
R esum e Objet : La pr esente etude cherche a d eterminer dans quelle mesure l'heure de la demande influe sur la modalit e d'imagerie choisie pour l' evaluation de l'appendicite. Ultrasound is considered operator dependent, thus potentially impacting its diagnostic accuracy. A 2006 meta-analysis on diagnostic performance of US and CT demonstrated an overall sensitivity and specificity of 83% and 93% for US and that of 94% and 94% for CT, respectively [5] . Based on the current literature, US, as the initial imaging modality, markedly reduces the evaluation costs (>6-fold; $547 vs $88 per patient, respectively) [6] . This is a crucial consideration, particularly given ever-rising health care costs and scarcity of medical resources. Furthermore, it reduces the exposure to ionizing radiation and potential short and long term associated negative impacts. To our knowledge, no previous study has compared utilisation and performance of US during the regular hours and on-call after-hours coverage. We hypothesized that the rate of utilisation of CT is higher during when on call as opposed to regular hours.
Materials and Methods
The Joint Department of Medical Imaging at the University of Toronto has provided 24/7 in-house US service by our technologists at the 3 University of Toronto institutions since 1996. This is a research ethics boardeapproved multicentre retrospective study of consecutive patients, between February 2012 and August 2014, with surgically established diagnosis of acute appendicitis, following CT or US diagnosis. The patients were identified searching the pathology databases of the 3 hospitals. Acquisition of consent was waived. No patient was excluded from the study analysis after meeting the initial inclusion criteria. All US technologists in these institutions are American Institute of Ultrasound in Medicine certified, are exposed to the evaluation of appendicitis, and have joint departmental bimonthly continuing medical education sessions. All technologists applied a similar technique in their sonographic examination of the right lower quadrant, including graded appendiceal compressions. Examination in the left decubitus position was performed at the discretion of the sonographer. The US findings were reported through a standardized reporting template. All examinations were requested by the same emergency physicians. The same emergency physicians work during regular hours and on call. Regular-hours examinations are performed based on emergency physician requests. On-call examinations are approved after discussion with the on-call resident. All US examinations were performed using 1 of 2 US machines, an Aplio 500 (Toshiba Medical Systems, Tustin, CA) and a 2-6-Hz transducer or an IU22 (Philips Ultrasound, Bothell, WA) with a 1-5-MHz transducer. CTs were performed on an Aquilion 64 or 320 Toshiba scanner (Toshiba Medical Systems, Tustin, CA) from the top of diaphragm to ischial tuberosity, if CT was performed first, and from the top of L2 to the top of symphysis pubis, if CT followed US to reduce radiation exposure [7] . Patients received 100 cm 3 of Visipaque 320 injected at 3 cm 3 /s and scan was obtained with 70-second delay after contrast administration. Data collected from the official reports by one of the authors (H.A.) included the imaging approach during regular hours (between 8 AM and 5 PM on working days) and on call (after 5 PM on working days and during weekends and holidays) to evaluate for the right lower quadrant pain. Patients had US only, CT only, or US followed by CT. Demographic data included age, sex, length of pain, and perforated versus nonperforated appendix. Given the infrequent clinical documentation of the body mass index (BMI) in our cohort, BMI was not used in our subgroup cohort analysis. Pathology results were collected from the official pathology reports. Ultrasound examinations were all initiated by a technologist and reviewed by a staff radiologist (2e25 years of experience in abdominal imaging) or abdominal imaging fellow during regular hours and by a resident or fellow or staff radiologist during on-call hour. All trainee reports were reviewed and finalized by a staff radiologist. All technologists who take call work during regular hours but some senior technologists who work during regular hours do not take call.
Statistical Analysis
The Mann-Whitney U test was used for analysis of continuous variables and chi-square test for categorical variables. P < .05 was considered statistically significant. Confidence intervals (Cis) were calculated using the exact Clopper-Pearson method.
Results
Four hundred ninety-four patients were operated on between February 2012 and August 2014 with preoperative diagnosis of acute appendicitis based on US or CT. One hundred seventy-four patients were imaged during regular hours, and 320 patients during on-call hours. There was no significant difference in the demographics of the patients in the 2 groups, including age, duration of pain, or rate of perforated appendicitis (P > .05) ( Table 1) .
One hundred sixty-eight of the total 174 patients examined during regular hours had acute appendicitis at surgery, and 6 had normal appendix or other diagnoses. The corresponding number of after-hours examinations were 312 and 8, respectively.
Regular-hours imaging included 89 of 174 (51%) US-only examinations, 50 of 174 (29%) CT-only examinations, and 35 of 174 (20%) US examinations followed by CT examinations. The corresponding numbers for on-call examinations were 147 of 320 (46%), 147 of 320 (46%), and 26 of 320 (8%; P < .001), respectively.
In the regular-hours group, 124 patients underwent US, 85 underwent CT, and 35 underwent US followed by CT. The corresponding numbers for the after-hours group were 173 patients who underwent US, 173 who underwent CT, and 26 who underwent US followed by CT. Sensitivity of US during regular hours was 81% (95% CI, 73%e87%), and CT was 100% (95% CI, 96%e100%). The corresponding sensitivities for after-hours examinations were 90% (95% CI, 84%e 93%; P ¼ .041) for US and 99% (95% CI, 94%e99%; P ¼ .307) for CT.
False positive diagnosis of acute appendicitis and the corresponding pathology are outlined in Table 2 . Considering the entire study population, 9 of 297 (3.0%) of all positive US examination were false positive as compared with 2 of 258 (0.8%) of all positive CT examinations. The total false negative rate for US was 14% (19% regular hours, 10% after hours; P < .05) and for CT was 0.8% (0% regular hours, 1.2% after hours; P < .05).
Discussion
In our patient population, there were no differences in patients' characteristics for the evaluated regular-hours and after-hours coverage categories, with the exception of gender, for which there was a higher percentage of women during the regular-hours coverage period, as compared with after hours (P ¼ .04). Due to infrequent clinical documentation of the patients' BMI values, we did not include body habitus variations in our demographic analysis. The remainder of the presenting patient characteristics, such as duration of pain, appendiceal perforation rate, and patients' age were not significantly different (P > .05).
Our data demonstrate that CT, as the initial imaging examination, was utilised statistically significantly more in the evaluation of the after-hours patients (P < .001). This was despite a statistically higher sensitivity of US during the oncall after hours, as opposed to the regular-hours coverage (90% vs 81%; P ¼ .041) and with comparable sensitivity of US to that of CT during the after-hours period (P ¼ .307). This increased sensitivity of US after hours is likely related to a more limited exposure of the regular-hours technologists to sonographic evaluation of appendicitis, given that some technologists are not involved in regular on-call coverage. Another explanation for variability between regular and after hours may stem from the possibility that the after-hours technologists are not under pressure to finish examination in a fixed time length. The experience of residents may be variable depending on the year of residency. However, the distribution of experience would have been similar throughout the study period. At our institution, all trainee reports are reviewed and finalized by the staff radiologists, generally before definitive management, thus minimizing such variability.
The absence of consistently applied clinical guidelines may also contribute to the underutilisation of US, particularly after hours. Recent published World Society of Emergency Surgery Jerusalem guidelines for diagnosis and treatment of appendicitis advocate for an increased utilisation of clinical tools, such as Alvarado, to help with patient risk stratification and shape a more efficient diagnostic flowchart [8] . However, as also noted by the guideline authors, the actual treatment strategies and choice of imaging modality are shaped by the health care resources, institutional standards of practice and inherent differences in management [8] . Such management differences are in part shaped by a perceived modality availability and efficacy, Values are n/n, mean AE SD (median), or mean AE SD.
likely contributing to underutilisation of US, as the perceived less available modality. Notably, our data suggest that US, as the first imaging modality, followed by CT in equivocal or indeterminate cases, offers a diagnostically robust approach. Adjunct to the primary premise of our study, our data also illustrate a crucial concern that parallels some notable emerging patterns in the other areas of patient care. Specifically, our data show significant discrepancy between the sensitivity of regular-hours versus after-hours US examinations. This, in conjunction with the previously noted modality-specific outcomes, raise an important concern, namely the therapeutic outcome heterogeneity caused by the work-up timing. Comparable patterns of time-dependent outcome disparities have been described in other fields of medicine, within large population-based studies, such as weekend or overnight work-ups in the intensive care unit setting or upper gastrointestinal bleeds management [9, 10] . As discussed previously, such patterns are at least in part attributable to temporal variations in the hospital staffing, leading to variability in procedural comfort and experience levels. A similar pattern has also likely contributed to the variation in US diagnostic accuracy during regular hours in our study. Consequently, we believe that our study further reinforces the need for a systematic evaluation of such emerging patterns to better delineate these preventable occurrence patterns.
Overall, our study demonstrates a significant underutilisation of US during on-call periods as opposed to regular hours. Such underutilisation is likely multifactorial; a higher percentage of women are examined during regular hours and the falsely presumed perceptions of the requesting physicians that US is not performed as efficiently after hours, yielding less accurate results and less potential damaging effect from ionizing radiation for the male patients, or it may not be as readily available. Additionally, there remains a high, nearly 6-fold difference, between the cost of a CT abdomen and pelvis as compared with a US, for the work-up of the right lower quadrant pain [6] . This cost discrepancy is higher after hours, thus making US utilisation more financially appealing. At our institution, Doria et al [5, 11] investigated the cost of evaluating children for appendicitis during the regular-hours and on-call shifts. After accounting for the difference in the utilised modality, they concluded a higher cost in the afterhours period. A study by Wan et al [12] used a Markov decision analytic model to investigate the cost effectiveness of US versus CT in children for the diagnosis of acute appendicitis. They concluded that the most cost-effective imaging approach was to start with a US and follow each negative or inconclusive US study with a CT examination [12] . These all point to the role of US in cost savings, particularly as the initial imaging modality, while offering diagnostically effective imaging. This is of crucial note, particularly given ever-expanding health care costs and scarce resources.
Ultrasound offers an additional important advantage over CT, namely lack of ionizing radiations. The current literature indicates that a 45-year-old patient, exposed to 15 mSv of radiation, about 1.5 times average equivalent dose of a CT abdomen or pelvis scan used for appendicitis evaluation, has an additional risk of death, from radiation-induced cancer, of 1:1250. Furthermore, the risk of later-life cancer is even higher in younger patients [13] . In our cohort, the median age of the regular-hours and on-call group patients were 31 and 33 years of age, indicating a majority younger patient population, offering additional incentive in favor of US as the initial imaging modality irrespective of the time of the day.
One limitation of this study was the lack of comparison between the attitude of the same group of requesting physicians, during the regular-hours coverage as opposed to the on-call after-hours coverage. Given that the same emergency physicians rotate through all 3 sites; we believe that such differences are likely small. Another limitation was exclusion of body habitus in our cohort analysis, owing to infrequent documentation in the emergency records. Patients with a larger body habitus may be directly referred to CT, bypassing a possible US evaluation. Another limitation is that we only looked at patients who had surgery and not all patients who were referred for right lower quadrant pain assessment. However, we believe evaluation of the surgical cases is reflection of the general population.
In conclusion, we demonstrated that there is a current practice of underutilisation of US for assessing acute appendicitis in the after hours, owing to the previously suggested reasons. Given the high diagnostic accuracy of US, lack of ionizing radiation, and notable cost-saving measures, we encourage the ordering physicians to consider a US as the initial imaging modality, thus reserving CT for inconclusive examinations or individual cases unsuitable for US. 
